Nowadays, it is hard to imagine modern industry without the manufacturing and design software aided by computer, known as CAD/CAM, once the search for excellence in complex geometry parts, reduced time, quality assurance and interchangeability is increasing. Within this quest, the CAD/CAM platform has become a significant factor in manufacturing, especially on complex surfaces parts, mainly because of superficial quality, reliability and product competitiveness. Defined as surface within one or more non-flat surfaces or non-square, usually represented by parametric models, the freeform surfaces are very complex, requiring the control of three or more axes simultaneously, making the CAM tool indispensable. Tests were carried out by milling of aspherical cavities, on VP100 steel samples, with cemented carbide ball nose inserts with TiAlN coating. Two cutting strategieszig-zag and spiraland two finishing (CAM) strategiesparallel plans and Z levelwere also investigated. Final Surface quality, tool productivity and tool wear were related to machining time, surface roughness (Ra, Rz, Rku and Rsk) and tool wear (VBmax). Results showed that the chosen strategy (tool path) it is the main factor to productivity.
INTRODUCTION
The CAD system can be defined as a computational system which aids in drawing activities, as elaboration, analysis, scaling, etc. [1] . For the CAM system, refers to manufacturing aided by a computer used to generate numeric commands programs to CNC machines (code G), using geometric forms created by a design software [2] . Nowadays, CAD/CAM systems (Computer Aided Design/Computer Aided Manufacturing) are being used in industries, with the manufacturing problem purpose in complex geometry parts [3] . This technology was first used in the 1950's at the Massachusetts Institute of Technology (MIT). Nevertheless it had been used only by the big companies, such as the aerospace and automobilist industries, due to the high implantation costs and the need of skilled labor [4] . However, in the 1990's, this technology became more widespread with the enhancement and development of more user-friendly platforms, which made it an essential tool to the manufacturing industry [5] .
Milling is a machining process in which metal is removed by a rotating multiple-tooth cutter, where each tooth removes a small amount of material with a revolution [6] . The possibility of combining this rotational movement of cutting tool with many other axis of movement, especially for machines with five or more axis, is the main reason for the large use of milling operations to machine freeform and complex surfaces. Surface roughness, which characterizes the machined part quality, is an irregularity or micro geometric error that, usually, includes the tool feed mark, built-up edge, and tool wear. According to Whitehouse [7] , it can be controlled by some parameters, such as the CNC machine, the material and tool properties, cutting tool geometry and the machining process assigned.
Defined as the path to be covered by the cutting edge generating the surface, with successive trajectories and steps, the tool path exerts great importance on the surface quality and process costs. According to [8] , not always the tool path, which promotes the best surface finish of the work piece, is the most recommended option due to machining cost it can add, especially in relation to the machining time which implies in greater productivity time. However, the recommended tool path is the one which conciliates the shorter machining time with the project specifications roughness. Still referring to the authors [8] , many new tool path generation techniques have been developed in recent years to solve different problems in 5-axis machining. Some of the typical problems include how to reduce simulation and actual machining time, machining of compound surfaces and non-parametric surfaces, innovative techniques leading to decreased machining and investment cost, etc. In finishing operations, the parameters choice is not made by the maximum material removal rate, but for the smallest cutting forces, better surface quality and dimensional precision with relatively small tool wear [9] . The authors also showed that increase of machining forces cause an increase in surface roughness and also reducing the quality of surface texture. El-Midany et al. [10] , reached a conclusion that the optimization of the path chosen by the tools depends on the geometry of the surface boundaries and the cutting conditions. Researchers also concluded that the optimal tool path pattern is dependent on work piece geometry, physical characteristic of used CNC machine tool (accelerator and decelerator, continuous path, look ahead, and etc.) and cutting conditions (tool diameter, feed rate, etc.).
In Figure 1 , two commonly used tool path generation strategies are represented. The Figure 1a shows the spiral strategy, where the tool can move from the center to the edge or the other way around, with uniformly spaced tracks, often used to cavities machining. In Figure 1b it is shown the strategy, where the tool describes parallel track with constant spacing. The CAD systems main functions are: calculate the axis tracks, machining simulation and generation of CNC codes to specific machines [12] .
The machinability of a material is determined by its structure and mechanical properties. The chip formation is, basically, influenced by the deformability, toughness and strength or metallurgical state of the part. For harder materials, due to higher demand in the contact region, there is an increase of temperature on the cutting edge and consequently greater tool wear [13] . Vibrations during the process, besides compromising the surface finish, can significantly reduce tool life in machining.
The main objective of this work is to investigate the influence of cutting strategies on tool path in milling process of an aspherical surface of a VP100 steels for molds. Tests were carried out with coated cemented carbide ball nose tools in two different grades of machining: roughing and finishing, programmed in a CAD/CAM machine. The influence of parameters, like tool path strategy and number of program lines, on productivity, surface finishing, tool wear and machining time was evaluated.
METHODOLOGY AND MATERIALS
Tests were made on a three axis ROMI CNC machine, Discovery 760 model, which consisted of milling aspherical cavities in steel blocks for dies, VP 100dimensions of 100 mm x 100 mm x 42 mm, according to Figure 2a , with hardness about 300 HB. Cutting tools were cemented carbide ball nose inserts with TiAlN coating (Figure 2b ). [14] .
Four work pieces were machined in totaltwo with the zig-zag strategy and two with the spiral strategy. For each of those two tool path strategies, two other CAM strategies, regarding the finishing, were used parallel plans strategy and Z level strategy, combining the following pairs:
Final surface quality, tool productivity and tool wear were related to machining time, surface roughness (Ra, Rz. Rku and Rsk) and the tool wear (VBmax). For the roughness measurements were used a interferometer Talysurf CLI 200, from Taylor Hobson, using the white light mode (CLA mode), which allows a verical resolution of 0,01 µm. The measurement of the top surface finish was performed considering an area of 1 mm². In this measurement, 0,5 µm between points and 2 µm line spacing were used. Thus, 501 roughness profiles were collected. The sample lenghr was 0,25 mm and the Gauss filter was applied.
The tool wear was monitored after each test through a confocal microscope, model SZ6145TR from Olympus, with the aid of Image Pro-Express software. The wear was measure according to ISO 3685 for finishing operations.
The milling and finishing parameters are shown in Table 1 and Table 2 respectively: Where v c is the milling speed, Fz is the tool feed rate and a p is the depth of cut. Figure 3 shows aspherical surfaces generated on work pieces by both finishing (CAM) strategies: Z level and parallel plans.
RESULTS AND DISCUSSION

Work Pieces
(a) (b) 
Roughness
In Figure 4 , it is seen that the Ra values are close to 0.60 µm for both cutting strategies. The values were slight smaller for the zig-zag strategy, both for Ra and for Rz [14] , typical for finish milling in molds operations. Silva et al. [15] , investigated the influence of finishing conditions on surface roughness using a ball nose tool. The authors machined a VP50 steel and verified that the roughness values remain within the range of 0,38 µm and 0,72 µm, which is similar values found in this work. Lasemi et al. [8] suggest that surface roughness can be reduced with smaller values of step over, which was constant (1.8 mm) in the present research (Table 1) . On the other hand, it contributes for a significant increase in machining time and a greater number of program lines, once the tool describes a longer path. Ramos and Machado [16] , comment that when it comes to dies and molds, the requirements for injected products of better surface quality (Ra usually less than 0,1 µm on the surface) have caused an increase in the difficulty of monitoring the surface finish.
Besides that, polishing of complex geometries and freeform surfaces are very difficult, which requires, in many cases, finishing of work pieces by milling operations.
From Figure 5 , it is seen that the average for the parameter Rku, profile flatness parameter that measures the convexity, for the spiral strategy is 5% smaller than the zig-zag strategy; however, both have an average value greater than theoretical value 3, which implies that the surface has high peaks and lower valleys. Nevertheless, the standard deviation for the zig-zag strategy is 21% smaller, showing more distributed peaks and valleys. Leach [17] , says that the Rku parameter is similar to asymmetry, and it is important for the friction analysis and lubrication retention.
Analyzing the Rsk, profile asymmetry parameter that measures the profile relative position in relation to the midline, after the milling process, zig-zag is 27% smaller when compared to the spiral strategy. Both of them show positive values, which mean a surface with high peaks associate with low valleys or flattened regions [18] . 
Milling and Finishing Time
Concerning to the milling time, the results are shown in Figure 6 . From the figure, it is seen that the spiral strategy time is about 24% smaller than zig-zag strategy. For the finishing, the time difference between them is very differentabout 3,310 seconds. This fact can be explained based on that some strategies generate many changes of direction, which is the case for finishing strategy, parallel plans, and the zig-zag milling strategy, causing the CNC machine to accelerate and decelerate several times during the process, thereby leading to a substantial increase in machining time [19] . The authors also suggest that this trend is due to the combination of shorter tool paths and larger number of sharp changes in direction, as the angle for zig-zag tool path orientation angle increases. With shorter tool paths there is less time for the machine to accelerate to the programmed feed rate. 
CNC Program
When the number of program lines is analyzed, for each condition, the spiral strategy it is around 58% smaller than the zig-zag strategy. When the finishing strategies are compared to each other, it is visible that the parallel plans strategy has more program lines than the z level strategy. From the literature is known that the strategy that makes more use of linear interpolation, e.g. zig-zag and parallel plans, will contain a greater number of segments and consequently a greater number of program lines. According to Arias [20] , when machining the same geometry, there is a connection between the size of a generated program and the machining time, which tends to be larger as the number of program lines increases. In addition, the author observed that each CAM system generates programs with different sizes, depending on the number of calculated points used to produce the work piece within the required geometry. The values for each condition are shown in Table 3 . 
Tool Wear
After milling and finishing steps, the tool wear was measured with an confocal optical microscopy. The measurement was performed at the tool tip. Figure 7 shows the measured wear values after the milling process.
Figure 7:
Wear values from the inserts on each condition.
In Figure 8 , it is shown the tool wear for four conditions pairs. As it can be seen, the wear values were very small; however, the values for the pair zig-zag/ parallel plans are slightly bigger when compared with the values for the others pairs. Knowing that such finishing condition, parallel plans, presented a larger number of program lines and also a longer machining time indicating that the tool remained a longer period of time in contact with the work piece and, consequently, higher wear would be expected. Regarding to the tool wear, in general the values, highest and lowest, were not so disparate, suggesting that for all tests the tools kept wear in phase Iwhere the effective contact area between surfaces is much smaller than the apparent area, leading to a relatively low tool wear rate and a good integrity of cutting edge, e.g. [21] .
In Figure 9 , it is shown a bar chart, which makes a relation between the machined time for each pair of conditions and the tool wear. As it can be seen, the tool wear has not changed a lot, since the machining time is quite different for each pair of condition, with a difference of a 4.949 seconds between the pair spiral/ z level and the pair zig-zag/ parallel plans. 
